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mol%). The tube was evacuated and filled with argon. Anhydrous toluene (2.0 mL) and MeOH (0.5 mL) were added to the mixture, followed by thiophenol, 2a (0.12 mmol) via syringe. The reaction was stirred at room temperature for 24 h. The crude product was purified directly by flash column chromatography (hexane: ethyl acetate = 5:1) to give the corresponding β-hydroxy sulfide product. The ee values of the products were determined by chiral HPLC analysis after the products were purified.
General Procedure for phosphate metal complexes M(P1) n -M(P4) n : Catalysts M(P1) n -M(P4) n (20 mol% or 10 mol%, M = Ti, Sr, Li, Zn) were prepared in situ for each individual desymmetrization of meso-epoxides by thiols. To a flame dried test tube was added P1 -P4 (20 mol% or 10 mol%) and Ti(OiPr) 4 (10 mol%), or Sr(OtBu) (10 mol%), or Li(OiPr) (20 mol%), or 10 mol%), or Zn(OMe) 2 (10 mol%). 1 mL each of CH 2 Cl 2 and MeOH was added and reaction mixture was stirred for 2 h. After removal of solvent, 1 mL of CH 2 Cl 2 was added and then removed under reduced pressure to obtain the catalyst as a white solid.
Li(P4) Characterization:
1 H NMR (400 MHz, (CD 3 ) 2 SO) δ 7.01 (s, 2H), 6.92 (s, 2H), 6.70(s, 2H), 3.02 -2.97 (m, 1H), 2.89 -2.78(m, 2H), 2.71 -2.59(m, 4H), 2.14 -2.05(m, 2H), 1.82 -1.76(m, 5H), 1.62 -1.56(m, 2H), 1.29 -1.07(m, 33H), 0. 84-0.82 (m, 9H) . 13 C NMR (101 MHz, (CD 3 ) 2 SO) δ 147. 28, 146.42, 146.13, 134.34, 134.23, 134.15, 130.09, 129.04, 128.54, 120.38, 119.14, 109.54, 33.66, 30.14, 29.67, 28.58, 27.08, 26.08, 24.48, 24.13, 24.10, 23.57, 23.32, 22.64, 22.62 52, 149.45, 131.84, 130.47, 129.93, 128.42, 124.67, 122.35, 121.56, 121 General procedure for asymmetric reaction of thiophenol (2a) with epoxides (1a-h): To a flame-dried reaction tube with septa and stir bar was added epoxide, 1a-g (0.1 mmol), Li(P4) (20 or 10 mol %), and flame-dried 4Å molecular sieves (40.0 mg). The tube was evacuated and filled with argon. Anhydrous p-xylene (0.5 mL) was added to the mixture, followed by thiophenol, 2a
(0.12 mmol) via syringe. The reaction was stirred at room temperature for 48 h. The crude product was purified directly by flash column chromatography (hexane: ethyl acetate = 5:1 to 1:
1 solvent mixture) to give the corresponding chiral β-hydroxy sulfide product. The ee values of the products were determined by chiral HPLC analysis after the products were purified.
SPh OH

2-(Phenylthio)cyclohexanol (3a)
The reaction was performed according to the general procedure to obtain a 20. 
SPh OH
1,2,3,4-Tetrahydro-3-(phenylthio)naphthalen-2-ol (3c)
The reaction was performed according to the general procedure to obtain a 24.6 mg, 96% yield, 88% ee (20 mol% catalyst used), 19.5 mg, 76% yield, 87% ee (10 mol% catalyst used 
2-(Phenylthio)cycloheptanol (3d)
The reaction was performed according to the general procedure to obtain a 10.0 mg, 45% yield, 84% ee. HPLC analysis: Chiralcel OD-H (hexane/iPrOH = 90/10, 1.0 mL/min), t r-major 7.37 min, 
2-(Phenylthio)cyclopentanol (3e)
The reaction was performed according to the general procedure to obtain a 17.3 mg, 89% yield, 75% ee. HPLC analysis: Chiralcel OD-H (hexane/iPrOH = 95/5, 1.0 mL/min), t r-major 13.00 min, 
S9
General procedure for reaction of thiols (2b-k) with 1,4-cyclohexadiene oxide (2a): To a flame-dried reaction tube with septa and stir bar was added epoxide, 2a (0.1 mmol) and Li(P4) (10 mol %) and flame-dried 4Å molecular sieves (40.0 mg). The tube was evacuated and filled with argon. Anhydrous p-xylene (0.5 mL) was added to the mixture, followed by thiophenol, 2a
(0.12 mmol) via syringe. The reaction was stirred at room temperature for 48 h. The crude product was purified directly by flash column chromatography (hexane: ethyl acetate = 5:1) to
give the corresponding chiral β-hydroxy sulfide product. The ee values of the products were determined by chiral HPLC analysis after the products were purified.
6-(2-Chlorophenylthio)cyclohex-3-enol (4b)
The reaction was performed according to the general procedure to obtain a 19.0 mg, 79% yield, 97% ee. HPLC analysis: Chiralcel OD-H (hexane/iPrOH = 90/10, 1.0 mL/min), t 
6-(4-Methoxyphenylthio)cyclohex-3-enol (4d)
The reaction was performed according to the general procedure to obtain a 22.2 mg, 94% yield, 95% ee. HPLC analysis: Chiralcel OD-H (hexane/iPrOH = 98/2 0.5 mL/min), t r-major 29.51 min, 12, 136.90, 125.64, 124.55, 121.70, 114.66, 68.17, 55.43, 52.50, 33.40, 31.69 . 
6-(3,5-Dimethylphenylthio)cyclohex-3-enol (4e)
The reaction was performed according to the general procedure to obtain a 10.1 mg, 87% yield, 92% ee. HPLC analysis: Chiralcel OD-H (hexane/iPrOH = 90/10, 1.0 mL/min), t r-major 6.43 min, 
6-(4-Tert-butylphenylthio)cyclohex-3-enol (4f)
The reaction was performed according to the general procedure to obtain a 24.9 mg, 95% yield, 96% ee. HPLC analysis: Chiralcel AD-H (hexane/iPrOH = 90/10, 1.0 mL/min), t r-major 5.83 min, (m, 2H), 7.32 -7.29 (m, 2H), 5.55 -5.54 (m, 2H), 3.69 -3.63 (m, 1H), 3.10 -3.03 (m, 2H) 43, 133.94, 128.73, 126.25, 125.73, 124.73, 68.76, 52.38, 34.78, 33.43, 32.16, 31.43 
6-(4-Isopropylphenylthio)cyclohex-3-enol (4g)
The reaction was performed according to the general procedure to obtain a 16.6 mg, 67% yield, 16, 134.32, 128.91, 127.33, 125.70, 124.69, 68.68, 52.38, 33.94, 33.41, 32.06, 24.03 HRMS (ESI) 70, 132.65, 132.38, 130.61, 130.21, 128.68, 127.82, 127.60, 126.77, 126.57, 125.53, 124.68, 68.99, 52.07, 33.40, 32.10 
6-(2-Aminophenylthio)cyclohex-3-enol (4i)
The reaction was performed according to the general procedure to obtain a 19.9 mg, 90% yield, 35, 138.27, 130.79, 125.67, 124.80, 119.38, 115.79, 155.47, 69.19, 52.79, 33.87, 32 
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Methyl 2-(6-hydroxycyclohex-3-enylthio)benzoate (4j)
The reaction was performed according to the general procedure; the crude product was purified directly by flash column chromatography (hexane: ethyl acetate = 1:1) to obtain a 21.4 mg, 90% 
6-(phenylselanyl)cyclohex-3-enol (4k)
The reaction was performed according to the general procedure to obtain a 24.2 mg, 96% yield, 94% ee. HPLC analysis: Chiralcel OD-H (hexane/iPrOH = 90/10, 1.0 mL/min), t r-major 6.96 min, 
